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HIGH PERFORMANCE POLYMERIC MATERIALS FOR MEMBRANE 
APPLICATION IN ARCHITECTURE 
SUMMARY 
Building skins have rarely been as fascinating and challenging as they are today. 
They are the most interesting field in contemporary architecture. Façades and 
building envelopes are determining the visual identity, character and expression of 
architecture.  
The skin affects both appearance and performance in such a way that these various 
fundamental aspect promulgate new design concepts and technical developments for 
the architecture of the future. Most buildings today are basically compression 
structures. Blocks or bricks are applied on top of one another to form walls, or else 
wood or metal are used to create frames for rigid materials to hang from and sit on 
top of. 
 There is another method to make, though, employing flexible materials and the force 
of tension. Membrane Architecture is a fancy modern name for it, this is probably the 
oldest and simplest way human beings have invent to prepare shelter. The use of 
fabric membrane in architecture has becoming growing  common over the past few 
decades. The latter half of the 20th century  looked the expansion of lightweight 
tensioned translucent membranes in different application in architecture such as 
shading devices, roof covering, wall coating and inerior devices. Although 
membrane materials and membarne structures are hugely popular in architectural 
design, However there is not an remarkably trend for the use of membaren structures 
within architectural design. It is important to recognize the reasining behind this fact: 
why are not many architects starting to use the design feature within their designs? 
The aim of this syudy is to have a look at the possibilities related to fabric 
architecture from the architectural point of view. The aim is to provide an 
information pakage suitable for use of membrane materials in different specialist. 
This thesis examines a variety of different factors concerning the membrane 
structures. In the first step, the historic evolution of membrane materials and 
membrane structures are presented. The second section is about development of 
membrane materials that are used in architectural application. In the third chapter the 
essential properties of membrane materials are studied, containing all of the effects 
that aid towards its demand to architects will be investigated that used in larger span 
area such as covering sport facilities, art exhibitions or music event venues. This part 
tested the benefits and disadvantages of materials used in the construction process, 
providing weight to the research paper. In addition, it studies the several features that 
the construction  procedure  supplies to the building such as mechanical properties, 
optical performance, physical and energy aspect of membrane materials. In the third 
chapter 4 case studies shall be given. After, an analysis of the case studies shall be 
undertaken, closely examining the differences between each example. The last 
chapter summarizes the findings of the research paper, in terms of 
mechanical outlook, they are highly energy-efficient and preserve much money and 
xx 
 
it can be deconstructed and transported to different areas. Furthermore, they are 
broadly well known as being highly valid. This thesis explores the performance of 
membrane materials that include translucent membranes as part of their daylighting 
strategy.From an aesthetic perspective, they are noticed to be so alluring chiefly with 
modern and recent day architecture. 
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YÜKSEK PERFORMANSLI PLASTIK MALZEMELRIN BINA 
KABUĞUNDA KULLANIMI 
ÖZET  
 
Günümüzde tüm dünyada önemli bir “dönüşüm” yaşandığı Sanayi Devrimi'ne benzer 
şekilde sanayi toplumunun ‘Enformasyon toplumu’na evril diğ ipek çok düşünür ve 
kuramcı Tarafındanda ortaya konmuş bir gerçektir Teknolojik, ekonomik, siyasal, 
sosyal, kültürel alanlarda, toplumsal yaşamda geçerli kural ve kurumlarda yaşanan 
çok hızlıdeğişimler, kültürelüretim ve kimli ğin en nkalıcı taşıyıcılarından biri olan 
mimarlık disiplininide etkilemektedir. Ve malzemeler, mimari uygulamayı her 
zaman etkilemiştir. Geleneksel mimari; taş, ahşap ve kil gibi malzememin 
mevcudiyeti ile belirlenmiştir. Pek çok bina, yüzyıllarca, mekan olarak çok uzak 
kaynaklar kullanılarak yapılmıştır. Bu uygulama, sadece en lüks binalarda 
gerçekleştirilmekteydi. Bu durum, 19. Yüzyılda Demir, Çelik ve kil gibi endüstriyel 
olarak üretilen malzemelerin başlangıcıyla değişti. Bu malzemeler, modernizmin 
ortaya çıkmasında önemli bir rol oynadı. Bu malzemelerin tamamı, düşük teknik ve 
estetik gereksinimleri nedeniyle kabul edilmiştir. Günümüzde durum tamamen farklı. 
Mimarlar, fikirlerini, sınırlı mevcudiyetteki malzemelere uyarlamak zorunda değiller. 
Pek çok durumda, polimer, ekolojik olarak etkin bina tasarımına vazgeçilmez katkıda 
bulunur ve düşük ağırlık, bina malzemelerini – özellikle cephe- çatı- 
uygulamalarında- daha etkin kullanan hafif yapılar oluşturma potansiyeline sahip 
olmalarını sağlar. Bina kaplamaları, nadiren bugün olduğu kadar büyüleyici ve 
iddialı olmuştur. Bunlar, çağdaş mimarideki en ilginç alandır. Ön cepheler ve bina 
skılıfları; mimarinin görsel kimliğini, karakterini ve dışavurumunu belirlemektedir.  
Günümüz mimarisinde, iç ve dış alanında esneklik ve değişebilirlik özelliklerine 
sahip yapılar istenmektedir. Günümüzde malzeme teknolojisinin –kelimenin tam 
anlamıyla- aya çıkmış olması ve malzeme performanslarının daha yukarı seviyelere 
çıkarılmış olması, bu tasarımlara yeni kapılar açmaktadır.  Malzeme teknolojisi, bina 
kumaş üretiminin yaygın biçimde gazetelerde yer almasını sağlamış ve 
nanoteknolojilerce liflere yeni özellikler eklenmiştir. Yeni membran malzemeler ile, 
artık tasarımcılar parametrelerin ötesinde çok boyutlu belirsiz tasarımlar 
istemektedir.  
Kaplama, görüntü ve performansı o kadar artırmaktadır ki; bu farklI yapısal 
özellikler, geleceğin mimarisi için yeni tasarım konseptlerini destekler ve teknik 
gelişmeleri teşvik eder. Günümüzde pek bina esasen kompresyon yapIlardır. Duvar 
yapmak için bloklar ya da kiremitler birbirinin üstüne konur ya da sert malzemelerin 
asılması ve üzerine oturması için çerçeveler oluşturmak için ahşap ya da metal 
kullanılır.  
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Malzemeleri birarada tutacak şekilde inşa etmenin –ağırlık yerine esnek malzemeler 
ve çekme gücü kullanmak suretiyle de olsa- başka bir yolu var. Çekme Mimari bu 
teknik için süslü modern bir isim olsa da; bu, sığınak yapmak için insanoğlunun icat 
ettiği muhtemelen en eski ve en basit yöntemdir. Mimaride kumaş membran 
kullanımı son bir kaç on yıldır artmıştır. Yirmiçi yüzyılın ikinci yarısında, hafif 
gerilimli yarı şeffaf membranların – gölgelik cihazları, çatı kaplama, duvar kaplama 
ve iç cihazlar gibi- farklı kullanımları görülmüştür. Membran malzemeler ve 
membran yapılar, mimari tasarımda çok popüler olsa da; membran yapıların mimari 
tasarımda kullanımı yönünde gözle görülür bir eğilim yok. Tekstil genelikle 
eğirilerek iplik haline getirilen doğal bir liflerden uretilir. Pamuk ve yun , gerek nem 
ve su gerekse dokusal özellikleri nedeniyle tekstil üretiminde en çok kullanılan 
hammaddelerdir. Kullanim omrunu artirmak için hammadde olarak hindistan cevizi 
ve ya sisal lifi gibi sert liflerde terjih edilebilir. Tekstiller mimarlıkta farkli Şekillerde 
uyulanabilir. Membarn sistemler en yaygin uygulama biçimidir. Yari saydam 
membarnlar çok  az malzemeyle hem güneŞ kontrolu hem de hava koŞullarina karŞi 
etkin bir koruma sağlar. Özellikle geçici uygulamalarda , çekmeye çaliŞan iki 
boyutlu sistemler biçiminde kullanildiğinda baŞarılı sonuç verir.    
 Şu gerçeğin arkasındaki mantığı görmek önemli: neden pek çok mimar tasarım 
özelliğini tasarımlarında kullanmıyor. Bu çalışmanın amacı, kumaş mimari ile ilgili 
olasılıklara mimari bir bakış açısıyla bakmaktır. Amaç, membran malzemelerin farklı 
alanlarda kullanımı için bir bilgi paketi sunmaktır. 
Güneş enerjisi önceden kestirilemez ve sadece gündüzleri vardır. Dolayısıyla, 
inşasındaki en önemli iki sorun : Güneş enerjisi kazanımındaki azalma, soğutma 
yüküne ve göz kamaştırıcı ışığa sebep olur ve yenilenebilir olmayan malzemeler, 
yapılan bina tarafından kullanılır. Enerji tüketimini daha da azaltmak için bir diğer 
yöntem; ağırlığı, hacmi ve ortak muhafaza masrafının önemli ölçüde azaltılması ve 
mimarideki geleneksel sert malzemelerin yerini, esnek ince film ve şeffaf 
malzemelerin ve alternatif etkin çamlık cephe sistemlerinin almasıdır.  
Tez verileri; ilk olarak bir dizi bilgi kaynakları, akademik ve ticari özetler, 
bibliyografik veritabanları ve internet arama motorları kullanılması suretiyle 
üniversite kütüphanesinde taranacak. Mimaride mekan kaplayan pek çok farklı 
kaplama sistemleri vardır. “ membran mimarisi” adı verilen uygulamalar, mimaride, 
kaplama sistemlerini dışlayan ve “esnek” mimari sağlayan bir sistem olarak yer alır.  
Bu tez, membran yapılarına ilişkin bir dizi farklı etkeni incelemektedir. Birinci 
adımda, membran malzemelerin ve membran yapıların tarihi evrimi sunulmaktadır. 
İkinci bölüm, mimari uygulamada kullanılan membran malzemelerin gelişimi ile 
ilgilidir. Üçüncü bölümde, membranı’n  temel özellikleri incelenmekte; spor tesisleri, 
sanat sergileri ya da müzik mekanları gibi daha geniş alanları kaplamak için 
kullanılmasının mimarlardan ne gerektireceği yönündeki tüm etkileri dahil 
araştırılmaktadır.  Bu bölüm, inşaat sürecinde kullanılan malzemelerin yararlarını ve 
dezavantajlarını sınarken, makaleye güç vermiştir. Ayrıca, mekanik özellikler, optik 
performans, membran malzemelerinin fiziksel ve enerji yönü gibi ikmal 
malzemelerinin binaya sağladığı özellikleri incelemektedir. 3. Bölümde, 4 vaka 
çalışması verilecektir. Daha sonra, her bir örnek arasındaki farkı yakından 
inceleyerek vaka çalışmalarının bir analizi gerçekleştirilecektir. Son bölüm; 
makalenin bulgularını özetlemektedir. Mekanik görünüm bakımından çok enerji 
etsinler ve çok para tasarruf eder ve  farklı yorumlanabilir ve farklı yerlere 
taşınabilir. Ayrıca, oldukça geçerli olmalarıyla da geniş çapta tanınırlar. Bu tez, 
doğal aydınlatma stratejilerinin bir parçası   olarak yarı şeffaf membran içeren 
membran malzemelerin performansını araştırmaktadır.  Estetik bakış açısiyla, en çok 
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modern ve günümüz mimarisi için cazip oldukları fark edilmektedir. Dolayısıyla çok 
katmanli membranlar ısı yalıtım sağladığı için kalıcı yapılarda da kullanılabilir.   
Yukarıda soylendiği gibi tekstil yapılar insanlık tarihinin çok eski dönemlerinden 
beri bilinmektedir , çadır, göçebe topluluklara özgü bir barınak türüydü. Taşınması 
kolaydı, kısa sürede kurulup sökülebiliyor, eldeki malzemelerle kolayca 
üretilebiliyordu. Tekstil bugün mimarlıkta farklı amaçlarla da olsa hala 
kulanılmaktadır.     
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1.  INTRODUCTION 
There are many different coating systems that covers places in architecture. Fabric 
structures have been in reality for many years. However, only in the last half of 
decades have these “tents” open into structures puting on the essential structural 
specifications of membrane. Application that are called as “Membrane Architecture” 
, take place in architecture as an alluring system to engineers and architects 
excluding skin systems and supply flexible architecture. Additionally 
characterizations such as “flexible architecture”, “portable architecture” and 
“movable architecture”; is possible by membrane materials.  Moreover, having a 
short history of half a century, little data is available compared to conventional 
structures. Due to earn a perfect comprehension of perspective of design and analysis 
of tensioned membrane structures, not only do the conceptual basis of the structure 
has  to be understood, but also materials features should be considered as well. In 
Today’s architecture, structures with flexibility and changeability aspect in internal 
and external area are requested. Since,today, material technoogy reaches to the moon 
literally and material performances was taken to the higher levels, provide these 
designs new openings.  Membrane  material is used as a material which could place 
quickly. Since membrane  material furnish the conformity of structure 
with  surroundings in designs of sites. Lately membrane material brings new creative 
searches, concept and geometries for design which are applied for the goal of 
aesthetic with their optical perspective, other than the aim of envelopement and its 
technical. 
1.1 Problem 
Solar energy is unpredictable, and available only during the day. Hence, the two  
biggest problems in building are: Reduction solar gain caused  cooling load and glare 
and utilization of non-renewable materials by building made. To further reduce in 
energy consumption  another method to dramatically  reduce  the  weight,  volume 
and associated cost of maintainance and replace the conventional rigid materials in 
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architecture with a flexible  thin-film and translucent materialsand  alternative 
efficient glazed façade systems. 
1.2 Purpose of Thesis 
This thesis has been based on much research surrounding the topic of membrane 
materials within architectural design. The design of this thesis has been structured 
around three main research stage; each research point examines a variety of different 
features about different areas of membrane structure design. 
• To investigate and promote new construction technologies by representing and 
introducing innovative façade-roof element and materials  
• Basic properties of membrane materials to investigate the possibilities offered in 
façade with recycling properties 
• The last part concludes the discussed materials in the form of various application 
1.3 Literature Review 
Data of thesis will be reviewed initially through the university library using a range 
of information sources, academic and commercial abstracts, bibliographic databases, 
and Internet search engines.To help the search, a table of key terms will be 
manufactured and the sources will be associate with this. A secondary, table will be 
developed so that data can be viewed from different perspectives. As memntioned 
this thesis has been based on much research  circumambient the topic of high 
performance materials which are used in membrane as façade and roof application. 
These items have been tested and thoroughly researched to realize outcomes that lead 
to a  reliable conclusion 6 various and modern examples of membrane structures 
within architectural design have been used in this  bit of research. 
• In the first step, the historic evolution of membrane materials and membrane 
structures are presented. 
• In the second chapter membrane performance studies the different features of 
typical membrane structure design, containing all of the effects that aid 
towards its demand to architects will be investigated that used in larger span 
area such as covering sport facilities, art exhibitions or music event venues. 
This part tested the benefits and disadvantages of materials used in the 
3 
 
construction process. In addition, it studies the several features that the 
construction procedure supplies to the building. 
• In the third chapter 4 case studies shall be given, providing weight to the 
research paper. After, an analysis of the case studies shall be undertaken, 
closely examining the differences between each example.  
The last chapter summarizes the findings of the research paper, In terms of 
economic  outlook, they are highly energy-efficient and preserve much money and it 
can be deconstructed and transported to different areas. Furthermore, they are 
broadly well known as being highly valid. From an aesthetic perspective, they are 
noticed to be so alluring chiefly with modern and recent day architecture. 
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2.  HISTORY OF MEMBARNE CONSTRUCTION AND MATERIALS 
Most buildings today are fundamentally analogy structures. Blocks or bricks are used 
on top of one another to form walls, or else wood or metal are utulized to make 
frames for rigid materials to hang from and sit on top of. Another method to build, 
though, using flexible materials and the force of tension, rather than weight, to hold 
things together. Although Tensile Architecture is a luxe modern name for it, this is 
probably the oldest and simplest way human beings have invent to prepare shelter. 
But not all tensile structures are buildings. Sailboats, balloons, and even early 
airplanes all play into the origins of tensile architecture (Gezer Turgay, 2009).  
2.1.  Traditional Development and Discovery of Membrane 
Since the moment of existence, human beings have always been inclined to cover his 
body in fabrics, to surround the vacancy in a physical environment and to arrange 
volumes of his own in order to fictionalise functionality within the boundaries 
designated by him for the purposes of being protected against cold and for being 
covered such as  tents, yurts, tents and etc (Gezer Turgay, 2009 and Url-2).  
2.1.1. Tents, Tipi and Yurts 
A tent is any supported structure covered by flexible material. Tents may not be as 
durable as conventional buildings, but they require far less material to create. This 
makes them more economical and portable. Tents arose where two conditions 
prevailed: a shortage of suitable building material and a need for mobility (Gezer 
Turgay, 2009 and Url-2). 
The oldest tents known come from Siberia, Lapland, Iceland and Alaska (Figure 2.1). 
To shield themselves from icy winds, nomadic hunters hung animal skins over large 
bones. If trees were available, branches were used as supports. Sometimes birch bark 
was used to cover the frame. Since these materials are completely biodegradable, it's 
impossible to say just how human beings have been making tents. The evidence 
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found thus far dates back at least 40,000 years. Thirty thousand years later, woven 
fabric was first incorporated into the tent(Gezer Turgay, 2009 and Url-2 ).  
 
Figure 2.1: Sample of the oldest tents (Url-2). 
The ideal tent shape for shedding precipitation, withstanding extreme winds, and 
venting indoor fires is the cone (Figure 2.2, Figure 2.3). Cone-shaped tents are found 
throughout the Northern Hemisphere. Usually a "cone" of tree saplings were nested 
together to support a covering that sheltered the lower portion of the tent, leaving the 
top open to exhaust smoke(Url-2 ).  
 
Figure 2.2, Figure 2.3 : Type of tents used by  native   
                                      Americans (Gezer T,2009). 
The American tipi is considered a masterpiece of structural design. Native 
Americans improved on the simple cone shaped tent by adding smoke flaps and a 
wall liner. The flaps, which can be turned to take advantage of the prevailing winds, 
serve as an adjustable vent. The liner forms a double wall with the outer covering, 
creating an insulative space and helps draw out the smoke from a fire. The liner is 
wedged to the ground while the outside covering is above the ground to create a 
convection current of cool outside air that travels behind the liner and draws the 
smoke out through the smoke flaps. In the summer, the base of the outer wall is 
rolled up to allow cool air to enter. On windless or especially hot days, a small fire 
will actually increase the cooling effect for natural air conditioning (Gezer Turgay, 
2009 and Url-2). 
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While Native Americans were perfecting the cone design, desert peoples such as the 
Bedouins, Berbers, Moors, and Kurds were developing the "black tents." The black 
tent gets its name from the black goat hair used to weave its covering (See figure 2.4 
and figure 2.5). This loosely woven cloth allows air to pass through while providing 
shade in hot and arid climates. Should this material get wet, however, its fibers will 
swell and repel rain. Black tents utilize all the features that to this day allow 
tensioned structures to function (see "How the Tensile Yome Works"). The fabric is 
draped over ropes, which are supported in turn by a series of poles. The ropes carry 
the load to the stakes, which tension the structure and anchor it down (Gezer Turgay, 
2009). 
Figure 2.4: Bedouin(Gezer.T, 2009).  Figure 2.5:  Bedu(Gezer.T, 2009). 
The ger (called a yurt in Russian) is among the most luxurious of the dwellings 
conceived by nomadic tribes. These shelters provide comfort and warmth in one of 
the highest and bleakest parts of the world, the Siberian steppe. As shown in figure 
2.6 and 2.7 the ger employs a circular lattice wall frame with a felted wool covering 
and a wooden door A central opening in the roof allows the smoke from a cook stove 
to exit. Like the tipi, the ger is rich with religious symbolism; every part of it has 
symbolic significance (Gezer Turgay, 2009). 
 
Figure 2.6: Creating the yurd (Url-2).  Figure 2.7: Positioning yurt in nature(Url-2). 
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As people settled into agriculturally fixed communities, tents were assigned the role 
of providing shelter for religious events, social gatherings, and housing great armies. 
Most of these tents consisted of a central mast surrounded by a conical membrane or 
two masts and a steeply gabled roof (Gezer Turgay, 2009). 
2.2. Development Process Of New Membrane Material In Coating Technologies: 
Human beings have made efforts to combine materials of the nature since the time he 
discovered the nature. Combining the straw and grass that are natural available as 
fibre, he made surfaces and discovered weaving in the course of time through 
technological advancements and geographical raw materials. Categorised as natural, 
herbal and mineral fibres, wool is easy to obtain on a large area from Mediterranean 
extending to China, Australia. Thus, wool has been used for clothing in such regions. 
Thick and rough woven wool is called coarse wool cloth, since its insulation is good 
for the cellular space, it is ideal for clothing systems. Very initial usage of wool is in 
the form of felt, which is obtained from compact or otherwise pressed weaving 
(Gezer Turgay, 2009). 
Having engaged in felt clothes, human beings first of all cut, clipped it from animals 
and subsequently cleaned, combed and dried it for making it ready for use. 
Afterwards, he laid the wool onto a large piece of cloth properly, and made 
compositions of different colours and motifs onto it as he desired, and wrapped it 
firmly and properly around a centre-piece. For making felt, the wool is to clasp one 
another tightly. To have this effect, the wrapped cloth is rolled until it becomes felt. 
Dimension of the felt is made to the desired size. For instance, small sizes are 
preferred the ease of carrying the ball of felt, which is often used for domestic 
purposes. These are often plain, simple and light coloured clothes with no motifs 
whatsoever (Gezer Turgay, 2009). 
Silk, which is categorised as animal fibres, was used for the Ottoman Emperor’s 
royal tents and for imperial state tents as the most precious element of fabric. 
Durable fabrics were often used for the exterior side of the sultan’s imperial tents, 
while the base is made of water-resistant weaving materials of cotton or cannabis. As 
a second layer, it is covered by satin or similar fabrics, embodied of red silk and 
coloured bands and lace, adorned motifs and tags. Historical process of the fibres 
used for clothing back in the time goes in parallel with the date of weaving and fabric 
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of the fibres, geographies of manufacturing and distributing, and condition of raw 
material resources. European people are deprived of cotton, wool and silk while 
Chinese people are deprived of cotton, Indian and Muslim communities are deprived 
of thin wool (Gezer Turgay, 2009). 
Back in the time when transportation was not developed, the production sites were 
stationery. So, when the very thin, vicuna and very rough lama wools specific to 
USA were put aside, quite an idle area of wool came to be known in centuries XV 
and XVIII. It covers Mediterranean, Europe Iran, North India, and China. Woven 
fabrics switch from place to place as the most vulnerable and humble cultural 
property as they arrive in new regions. Wool will find an ideal place in Australia in 
19th however, reached Europe during the reign of Traianus (52-117), while cotton 
departed from India as from the 12th Arabic world towards the 10th. Century. The 
most brilliant adventure was that of the silk, which has waited for centuries to arrive 
in Mediterranean from China. Justinian was not only the person that caused Anatolia 
to be constructed and compiled a law arrangement named after him. He was an 
emperor who successfully brought to Byzantium the silk worm, mulberry tree, 
cocoon discharge, method of weaving precious silk materials. Byzantium earned 
quite some wealth out of this for centuries. As the trees and places to grow silk worm 
expanded, the silk industry began to develop in Italy as from the 16th century (Gezer 
Turgay, 2009). 
The cotton and its adventures are quite interesting as much as silk. Europe became 
familiar with cotton at an early time as wool was scarce due to decreased number of 
sheep as from the 13th century. This was the time when fustian and cotton flannel 
became widespread. This is made of cotton and harl. Harl and cannabis stayed in 
their place of origin and switched to Poland in the easy, to Baltic countries and 
towards Russia, however Europe did not miss it out at all. Such woven materials 
could not make a history in western countries (USA included), but was appreciated a 
lot. Woven materials such as sacks, canvas, sail clothes and ropes were made of it. 
These are composed of either of them or the other or combination of the two. 
This was the adventure of natural fibres, and synthetic fibres made a great name for 
themselves in the 1900s, and became the emperor of the world of fibres. Out of nylon 
fibres, nylon 6-6 was highly appreciated for its high mechanical endurance. The 
British researches, namely, J. R. Whinfield and J. T. Dickson synthesised 
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terephthalate. In USA, on the other hand, polyester fibre (PET), which was made of 
glycol and teraphthalic acid Dacron, was manufactured. Although their original 
materials are different, Dacron and terylene are often of the same chemical structure, 
both have polymer of poly ethylene terephthalate. This fibre has an extraordinary 
charm in the world of fibres, and it deserves to be highly appreciated for its 
properties.Upon manufacture of synthetic fibres, the world of fibres changed 
suddenly. The successively manufactured synthetic fibres paved the ground for 
today’s high quality technical fibres. Synthesis of high density polyethylene became 
important for the development of polyolefin fibres. Olefin fibres are composed of 
ethylene propylene and similar olefin polymers at a rate minimum 85%, and are also 
known as polyolefin fibres. Polypropylene and polyethylene are the most crucial 
materials out of olefin fibres. They are resistant to polyethylene acid mixtures, 
inorganic salts and many solutions and are also quite resistant to sulphur dioxide and 
nitrogen dioxide (Gezer Turgay, 2009). 
Fibres made of polypropylene have a strong resistance and show great resistance to 
alkaline medium. But their weak point is that they are affected from oxygen and 
sunlight. Naturally this negative characteristic remains to be eliminated by the 
manufacturers. Today, a set of precautions has been introduced and are actually 
taken to protect the material against ultraviolet lights and oxidation 37.Released to 
the market by Dupont  Company back in the 1970s, Kevlar’s PRD-29 and PRD-49 
derivatives are most commonly used for practices. Amongst these fibres, PRD-49 has 
a lot of positive characteristics. It is lighter and more rigid than glass, and is much 
cheaper than many other fibres apart from glass fibres (Gezer Turgay, 2009).  
Enabling yarn, cord and woven materials, Kevlar has a rather limited usage when it 
comes to pressure resistance (Gezer Turgay, 2009 & Url 18). 
Kevlar is a polymer with high thermal stability and rigid chains. It is highly 
crystalline due to good chain packaging 35.Interdisciplinary studies and innovative 
products introduced to the textile industry pave the ground for new natural and 
synthetic fibres. Studies conducted on high performance textile products are still 
underway, and quality and durability test are performed on the new fibres. Fibres that 
are manufactured to be used in a wide area including without limitation, fashion 
industry, agriculture, medicine space, aeronautics and architecture are metallic fibres, 
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soy bean protein fibre (SPF), cobweb fibre, polylactic acid fibres, maze fibres (PLA), 
banana fibres, auxetic fibre, spectra fibres etc (Gezer Turgay, 2009 ). 
Detailed information is provided for polytetraflouroethylene (PTFE), which has been 
most commonly used for clothing materials recently, as well as carbon fibres and 
glass fibres in ‘Fibres’ under Section 2 ‘Clothing Elements and Details’. 
Furthermore, based on the weaving and methods of weaving clothing fibres, new 
surfaces that could be applicable in architecture are obtained. These surfaces are used 
as semi-transparent divider and for decorative purposes in interior decoration in 
particular. Such woven or nonwoven felts, fabrics and structures that are not made 
into yard or interfered with one of the many bonding methods are the surfaces 
acquired by way of aesthetics and textile techniques (Gezer Turgay, 2009). 
As fibre glass woven materials are arranged in 3D, new second surface geometries 
are obtained, in this way it becomes possible to cover places thanks to structural 
capacity of the textile (Figures 2.8, 2.9) (Gezer Turgay, 2009). 
 
Figure 2.8 : 3D Arrangements with a fabric woven with fibre glass (Yazıcı, 2010). 
 
Figure 2.9 : Interior clothing with a fabric woven with fibre glass (Gönenç.S, 2010). 
Steel, copper, titanium and similar metals have been influential and penetrated 
through silks that are used for weaving. Clothes woven with them have been used in 
11 
 
places. As the crazy consumption policy of the fashion world puts it, structures are 
clothed by durable clothing unlike our gradually poor quality clothes (Gezer Turgay, 
2009). 
Steel wire fabrics that create an image like herringbone, jacquard and tweed are 
manufactured in meters and are applied for decorative variations including exteriors 
and interior decoration in any desired quantities (Figures 2.10) (Gezer Turgay, 2009). 
    
Figure 2.10 : Metal Weaving, Cambridge, metal mesh types (Gönenç sorguç, 2010). 
It was wanted that the new facade of the De Maere Textile School constructed in the 
Netherlands be designed in a way to emphasise the intended usage of the structure. 
For this reason, the facade was covered with steel wire fabric that is similar to textile 
work. Also, as a solution for the materials that would let the facade, the membrane 
material was found and the front facade was made of very thin, stainless steel wires 
by weaving it like a web (Figure 2.11) (Gezer Turgay, 2009). 
    
Figure 2.11 : Mercedes museum, stuttgart (Gezer Turgay 2009). 
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Contribution of computer software to the textile industry helped to technology 
advancement and variation of them (Gezer Turgay, 2009). 
2.3 Imaginable Expansion 
The  usage of materials is important in  flexible elements. The interior fibers never 
overtake their peak stress level, which always sustaining weight. From this opinion, 
the truss was developed where the inefficient material of the beam was turned into 
clear space. This development is outlined in figure 2.12 (R.Houtman, M. Oprana 
2008). 
 
Figure 2.12 : The conceptual development (R.Houtman, M. Oprana 2008). 
However the most ordinary efficient structural system is when load is carried by one 
element. While in two-dimensions, this system is a cable for tension loads and an 
arch for compression loads, in three-dimensional spaces, this system is a dome and 
tensioned fabric. 
So terms membarne structure” and tensioned fabric structure” not only point to the 
character of material applied in design, but also the method in which the forces act 
whitin the system (R.Houtman, M. Oprana 2008). 
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2.4 Development of Surface Type 
There are two categories of membrane surfaces: an anticlastic and synclastic surface. 
Anticlastic surface have negative Gaussian curvature. This means the two directional 
forces are in opposing directions such as the cone, saddle or hyprobolic parabaloid. 
The opposing directional forces that are introduced by prestressing the fabric in both 
directions counterbalance each other. Conversely, synclastic surfaces have positive 
Gaussian curvature, that is, curvature in the same direction, such the dome. Since the 
forces are in the same direction, that are balanced with air. This is outlined in figure 
2.13 (R.Houtman, M. Oprana 2008). 
 
Figure 2.13 : The three general surafces taht are dictated by detail (R.Houtman, 
                          M.Oprana 2008).
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3.  FABRICATION AND MEMBRANE MATERIALS 
The Latin word “membrana”, from which the modern “membrane” is derived,  
means a “parchment” or “skin”, the main characteristic of which is its thinness. 
Modern membranes used in building construction as load-transmitting surfaces have 
to be capable of being tensioned and adopting three-dimensionally curved forms. 
The thin skin is able to resist only tension loads. Mechanically tensioned membranes 
should ideally form a doubly counter-curved surface; while pneumatically tensioned 
systems are usually in the form of doubly curved surfaces in a single direction. Only 
in this way, can the membrane resist opposing forces, such as wind suction, wind 
pressure and snow loading, and transmit them economically and safely to the 
primary structure and the foundations. Since the 1950s, the development of plastics 
technology – especially in the form of composite materials – has led to increasing 
numbers of innovative membrane projects. Materials of great strength now allow the 
construction of large-span, translucent roof structures with slender dimensions and 
without intermediate columns. In the future, one may expect an ever greater use of 
membrane systems as permanent space-enclosing structures, even under the climatic 
conditions prevailing in central and northern Europe (Kuusisto, 2010).  
The word “fabric”comes from the latin word “fabrica” and refers to textile stuff, but 
also to a construction or to structures. The term fabric may be definded as a thin, 
flexible material made of any combination of cloth, fiber, polymer(film, sheet or 
foams) (Kuusisto, 2010). 
3.1 Types of Materials Used in Membrane  
The products used for membranes has divided into two main groups: anisotropic 
materials and those that approximate an isotropic state. Anisotropic membranes are 
usually in the form of “technical textiles” of various kinds; the second type is 
generally thin thermoplastic foils or metallic sheeting. This  cahpeter will be focused 
in woven fabrics and foils in two parts ,building with foil and building with 
membrans (Kaltenbach, 2004). 
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3.1.1. Base materials for membarne structure 
There are several fibers tht can be applied as a membrare materials. Some of them 
are considered in this section. 
3.1.1.2 Cotton  
This type of fibre is the only organic fibre which is being utilized in membrane 
structures . Frei Otto apply it for his primary garden demonstrate structures and 
nowadays it still is exerted in several  leased tents. As of its organic characteristics 
the material is subject to fungi and moisture. When used permanently it has an 
expected lifetime of about 4 years (R.Houtman, M. Oprana 2008). 
3.1.1.3 Polyamide 6.6 (Nylon) 
The nylon fibre has bad resistance against UV light , swells in length when it gets 
wet and is herewith of little importance for textile architecture. It is frequently 
applied in the sailing industry because of the little weight and high strength 
(R.Houtman, M. Oprana 2008). 
3.1.1.4 Polyester :  
Polyester is a category of polymers which contain the ester functional group in their 
main chain. Although there are many polyesters, the term "polyester" as a specific 
material most commonly refers to polyethylene terephthalate (Url 19). Polyester 
fibre together with fiberglass is the most common fire in textile architecture and 
regarded as a standard product. The fibre has a good tensile strength and elasticity. 
Another considerable properties is its Resistant to stretching and shrinking 
(R.Houtman, M. Oprana 2008). 
3.1.1.5 Fiberglass 
Fiberglass really is made of glass, similar to windows or the drinking glasses in the 
kitchen. It is a fiber reinforced polymer made of aplastic matrix reinforced by 
fine fibers of glass. Fiberglass is a lightweight, extremely strong and robust material, 
and is used for many products. Although its strength properties are somewhat lower 
than carbon fiber and it is less stiff, fiberglass is typically far less brittle, and its raw 
materials much less expensive. Its bulk strength and weight properties are also very 
favorable when compared to metals, and it can be easily formed using molding 
processes (R.Houtman, M. Oprana 2008). 
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3.1.1.6. Aramid fiber 
aramid fiber is used to make a variety of clothing, accessories, and equipment safe 
and cut resistant. It is discovered by Akzo and DuPont. It’s lightweight and 
extraordinarily strong, with five times the strength of steel on an equal-weight 
basis. The material has a high tensile strength and is chemically resistant. The 
drawback is the low elastic strain and the bad resistance against high temperature 
and UV- light (R.Houtman, M. Oprana 2008). 
Table 3.1 shows the various materials properties of the base material of membrane 
and fabrics. 
Table 3.1:  Materials properties of the base material of membrane and fabrics. 
Materials Density
(g/cm) 
Tesile 
strength 
(N/𝒎𝒎𝟐) 
Elasticity 
N/𝒎𝒎𝟐) Remarks 
Polyamid 1.5-1.54 350-700 4500-9000 Only fiber temporary use of 
interest 
Polyester 
fiber 
1.38-
1.41 
Until 1000 5000-6000 When exposed light only average 
resistance to ageing. 
swlling when exposed to moisture. 
only of little importance in 
membrane archiotecture. 
Fiberglass 2.55 1000-1300 10000-
15000 
Widely spread, toghter with 
fiberglass a standard product in 
membran architecture.  
Aramid fiber 1.45 Until 3500 70000-
90000 
When exposed to moisture, 
reduction of breaking strength. 
Brittle of 3µm diameter. 
Together with polyester a ---
standard product in membarne 
architecture. 
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Table 3.1  Materials properties of the base material of membrane and fabrics. 
Polytetraflo
ur ethylen 
2.1-2.3 Until 
2700 
700-4000 -Special fiber for high-tech 
products. 
Carbon 
fiber 
1.7-2.0 160-380 200000-
500000 
-High moisture. 
-Remarkable anti achesive. 
-İn air non- combustible. 
-Chemical inert 
3.1.2. Composition of  base materiasl: 
Fabric that is applied for membrane structures is made up of woven structural base 
material covered on both sides to protect it from water and pollutants, that is called 
coating. There are several possible way to weave threads. The basic way of weaving 
is called Basket bond (Figure 3.1) and Panama bond (Figure3.2). 
  
  Figure : 3.1,  Figure 3.2 :  Basket bond, Pnama bond (R.Houtman, M. Oprana 2000).                                   
3.2. Building With Coating Fabric Membrane  
In the table 3.1 the fibers are described. To create stable cloth most of the fibers need 
a coating on both sides. So the products used for memebrane has divided into two 
main groups: anisotropic materials and an isotropic state. Anisotropic membranes 
are usually in the form of “technical textiles” of various kinds; the second type is 
generally thin thermoplastic foils or metallic sheeting. The oldest and the msot 
commonly used architectural fabrics in the form of “technical textiles” are coating or 
laminates over polyester fabric. Various kind of coating are applied for different 
desired features. This  cahpeter will be focused in coated or laminated fabric and 
foils (Kaltenbach, 2004 and R.Houtman, M. Oprana 2000). 
18 
 
3.2.1 PVC- Coated Polyester Fabrics: 
This type of coating is utulized mostly on Poluester fabric.PVC- coated polyester 
(See Figure 3.3) fabrics usually called PVC/PES fabric which is used mostly on 
Polyester fabric, are among the most commonly used materials for membrane 
structures because of their material properties and suitable price. Its high mechanical 
strength (type 5 up to 9,800 N/5 cm) and their high elasticity (breaking elongation up 
to approx. 30%) make them suitable for large-span planar bearing structures and both 
permanent membrane roofs and convertible. In addition, it has relatively good flex 
cracking resistance, this type of fabric is successfully used also for deployable 
structures. Further more PVC is one of the least expensive membranes available on 
the market. Their translucence is usually between about 0.8 % and 4 % . PVC- 
coated polyester fabrics which  is considered a fire- resistive material are usually in 
fire class DIN 4102-B1, and – like all membranes – because of their low weight (up 
to about 1.450 g/m2). They have an extremely low fire load (Knippers, Cremers, 
Gabler, Lienhard, 2011& Kaltenbach, 2004). 
 
Figure 3.3 : PVC- Coated Polyester (Knippers, Cremers, Gabler, Lienhard,2011). 
3.2.2. PTFE- coated glass-fibre fabrics 
PTFE- coated glass-fibre fabrics is one of the most durable membrane materials 
because the coating is self-cleaning and very resistant to chemical substances and 
mould grow (Figire 3.4). Teflon coated fibreglass fabric, PTFE is the most 
recommended material for permanent projects. First employed for a roof in 1973 for 
the La Verne College Student Centre in California. It has a lifetime of over 30 years. 
Completely coated PTFE glass fibre fabrics can achieve up to 13% translucency so, 
it has been used in such projects as the Georgia dome, Denver Airport and currently 
used on the Millennium Dome (Knippers, Cremers, Gabler, Lienhard, 2011& 
Kaltenbach, 2004 and R.Houtman, M. Orpana). 
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Figure 3.4  : PTFE coated fiberglass (Knippers, Cremers, Gabler, Lienhard,2011).       
3.2.3. Silicone- Coated Glass-Fibre Fabrics 
Silicone coated fibreglass, which dates from 1981, has been used for Callaway 
Gardens in Georgia and the tensegrity domes for the Seoul Olympics. Owning to its 
high light transmittance, as shown in the figure 3.5, its good mechanical properties 
and flex craching resistance ,when compared with PTFE/ glass, glass, silicone show 
an interesting alternative to the customary membrane materials. They have similar 
mechanical properties to PTFE- coated glass-fibre membranes. Furthermore, the 
combination of silicone and glass fibre results in a far better degree of translucence 
(over 20%) which is three times higher than that of polyester PVC. Silicone –coated 
glass-fibre fabrics can also reach the DIN 4102-A2 class. One disadvantages is the 
sticky surface of silicone rubbers and their tendency to attract a static electric charge 
,which can quickly lead to soiling (Knippers, Cremers, Gabler, Lienhard, 2011& 
Kaltenbach, 2004& Pohl,2010 and R.Houtman, M. Orpana). 
 
Figure 3.5 : Silicone- Coated Glass-Fibre (Knippers, Cremers, Gabler, 
                               Lienhard,2011).  
3.2.4. THV- Coated Polyester Fabrics             
Polyester fabric coated with the polymer tetrafluoroethylene hexafluoropylene 
vinylidenefluoride THV) is a relative newcomer to the market (Figure 3.6). THV is a 
fluoropolymer that in the form of foil is used as an alternative to ETFE. The main 
advantages over a PVC coating are its better weathering resistance and the self-
cleaning  effect of the surface.in addition its light transmittance and UV resistance is 
good (Knippers, Cremers, Gabler, Lienhard, 2011& Kaltenbach, 2004& Pohl,2010).  
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Figure 3.6 : THV- Coated Polyester (Knippers, Cremers, Gabler, Lienhard, 2011). 
3.2.5. PVC- Coated Aramide-Fibre Fabrics 
With a breaking elongation of 5-6 %, PVC- coated aramide- fibre fabrics can have 
maximum failing strength of roughly 24,500 N/5 cm. They are, therefore, the 
strongest of the synthetic fabric membranes. Aramide is an abbreviation of aromatic 
polyamide. The even, strong chemical bonding of these materials results in a 
relatively stiff fibre that is resistant to chemical and thermal influences. Since it is not 
resistant to UV radiation, though, the fabric has to be completely covered with an 
opaque PVC (or PTFE) coating. According to the nature and scope of the coating, 
PVC-coated aramide-fibre fabrics are fame-resistant, and DIN 4102 A2 with PTFE 
coating. For a heavy material type, the breaking strength of PVC-coated aramide-
fibre fabrics is also very high: 4,450 N at 2020 g/m2 .The use of PVC-coated 
aramide-fibre fabrics will probably continue to be restricted to situations where great 
strength is required, but where elasticity and translu-cence are less important 
(Knippers, Cremers, Gabler, Lienhard, 2011& Kaltenbach, 2004 & Pohl,2010). 
3.2.5 Composition Of Coating Materials Used İn Membrane 
Coating fabric membrane material is a type of composite material and is generally 
composed of a substrate, coating and surface course, shown in Figure 3.7, substrate is 
weaved through various textile fibers which determine the properties and structural 
mechanics of the membrane.  Coating and surface course protect the base fabric 
against UV radiation, moisture, fire, and fungal attack; they also contribute to the life 
extension of the fabric and allow the colouration of the membrane through surface 
printing or through the addition of pigments (Tian, 2011 &Kaltenbach, 2004& 
Knippers, Cremers, Gabler, Lienhard, 2011).  
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Figure 3.7: Construction of membrane (Tian, 2011). 
Table 3.2 is a chart of detailed varoius kind of membarne materials specifications. 
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3.3 Building With Foil 
The term foil should be reserved for very thin metals. owever, it has become 
appointed in the building industry for a homogeneous polymer material that is very 
thin due to its surface area. In the building industry foil made from single or 
composite polymers is utilized not only for temporary and transport aims, but 
rudimentary for the underneath works:  
• For waterproofing against precipitation in roofs and facades 
• For waterproofing against moisture and hydrostatic pressure in the soil 
• Door improving the airtightness of building envelopes to reduce the 
ventilation heat losses 
• As thermal insulation 
• For improving the solar control and thermal performance properties of 
glazing 
• In the fabrication of laminated safety glass 
• For improving room acoustics  
• For coating interior surfaces (Knippers, Cremers, Gabler, Lienhard, 2011). 
Foil used in construction must satisfy demanding specifications regarding 
strength, weather resistance, UVstability, surface quality properties. Design 
utilizing foil materials established pneumatically with a pressure below 
atmospheric pressure. However this type of application must be considered very 
carefully when using foil because unfiltered air, dust and dirt could be stocked in 
which ruin the optical quality and the appearance. Foil made from ethylene 
tetrafluoroethylene (ETFE) is the materials foil design which is used almost 
exclusively for external applications. Another potential alternative is tetrafluoro 
ethylene hexaflouroproplyne vinyliden fluoride(THV), its poor soiling behavior 
led to construct on only very few occasions. PVC foil, is used for interior 
application and temporary structures, and PE foil is well established as an 
alternative to glass for greenhouses (Knippers, Cremers, Gabler, Lienhard, 2011 
& Pohl,2010). 
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    3.3.1 ETFE foil 
Perhaps the newest development in the fabric structures arena is the introduction 
of ETFE (ethylene tetrafluoroethylene), a transparent membrane with fabric like 
qualities and the advantages of PTFE, such as a self-cleaning capability. It was 
lunched onto a market since 1970, and it remains as a stable chemical compounds 
known, therefore ETFE is the ideal for use in the environments to resist to a 
diverse range of action like UV radiation, alkalis, acids, etc. ETFE shows an 
excellent long lastion soil behavior, it has good resistance to weather and heat 
and boasts long-term UV stability. ETFE has a very long expected lifespan of 
more than 20 years. It hardly absorbs short-wave UV radiation, so the materials 
neither yellow yellows nor becomes brittle. Its mechanical properties also 
advantageous. With all these benefits it is hardly surprising that ETFE is ideal for 
membrane and tensile structures and is the most popular foil material for such 
application. As seen in figure3.6, owing to its very high light transmittance (95% 
visible light, 85% UV light) and the high permability in the UV range so 
important to plant growth, which at the same time limits bacteria growth, the 
matreials is often utilized for building façades, greenhouses and swimming pool 
(see figure 3.7). ETFE is ecologically friendly and energy efficient as its 
constituent materials are fluorspar, hydrogen sulphate and trichloromethane, all 
non petrochemical derivatives. It is 100% recyclable (Knippers, Cremers, Gabler, 
Lienhard, 2011& Pohl,2010).  
 
Figure 3.8:  ETFE foil in various printable types and colors  
                (Knippers, Cremers, Gabler, Lienhard, 2011). 
     3.3.2. PVC foil 
Polyvinyl chloride foil is made from PVC  containing plasticizer(PVC-P)  and 
has comparatively low UV and heat resistance and characterised by an extremely 
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poor mechanical resistance, long-term stability and resistance to soiling behavior 
all contributes to limiting its use for building applications.  
The optical properties, which deteriorate soon despite the initial transparent and 
clear aspect, are inferior if compared with ETFE. However, the flexibility of the 
material and the extremely low cost, make PVC foils a valid alternative for 
indoor or temporary applications and  for furniture and trade fair stands 
(Knippers, Cremers, Gabler, Lienhard, 2011). 
     3.3.3. PE foil 
Polyethylene foil is exteremly cheap and available in variouse thichnesses, which 
are used for many applications on construction sites. Its low price and high light 
transmittance make it a favorite for greenhouses even though it is not very 
durable. PE foils is not UV resistance and so proper formulation must be 
employed which increase it service life to a few years for external applications, 
depending on the actual level of UV radiation.it is applied for temporary 
structures. For example the buble of the mobile action space projects is made 
form translucent fiber-reinforced PE foil. However the film has been successfully 
used for temporary pavilions and installations such as the Mobile Action Space in 
Berlin (Knippers, Cremers, Gabler, Lienhard, 2011& Pohl,2010). 
3.3.4 PTFE foil 
Foil made from polyetetrafluoroethylene (PTFE) is self-cleaning, stable in UV 
light and very resistance to chemical substances and mould growth. It is produced 
in thicknesses from 0.025to 6mm and width up to 1.5 mm. PTFE foil normally 
has a milky white appearance but can be produced in other colours as well. It has 
a lower strength and lower formability than ETFE foil and so it can be only  be 
used for construction projects when laminated to glass cloth.( see figure 3.8). 
Typical application outside the building industry include reusable baking foil, 
conveyor belts (Knippers, Cremers, Gabler, Lienhard, 2011). 
3.3.5 THV foil 
 The properties of the floropolymer THV (Tetra fluoroethylene hexafluoropylene 
vinylidene fluoride) are similar to thoses of ETFE. Foils made from this materials 
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are likewise highly transparent, very durable and not readily flammable. 
Compared with ETFE they are more elastic ,easier to work and can be joined 
using high –frequency  welding. THV has a lower tearing resistance than ETFE 
and so it can only be used for bridging over small spans, for filling the apertures 
of cable nets. THV sometimes used as a coating for high –quality plyester 
membrane (Knippers, Cremers, Gabler, Lienhard, 2011). 
3.4. Building Made With High Performance Membarne  
Membrane materials offer a broad and attractive range of possibilities for the 
creation of wide-span lightweight building skins with a high level of light 
transmission. The many different kinds of buildings constructed with high-
performance membranes and thin-sheet or film-like materials confirms the 
enormous potential of these high-tech substances.  
3.4.1.Photovoltaic pannels 
Although suspended building elements are ideally suited for large-area structures 
like stadium roofs and airports, there was hitherto no way of incorporating 
photovoltaics in them . As shown in figure 3.9 and figure 3.10, this technology is 
based on extremely flexible, amorphous thin-film solar cells embedded in ETFE 
laminates (Url-9). 
 
Figure 3.9 : Flexible PV membarne     Figure 3.10 : High performance 
                            (Url-9).                                                  PV(Url-9). 
Durable building materials like ETFE film and PTFE-coated glass-fibre fabric from 
the fluoropolymer group are a well-tried solution in everyday practice. They are 
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more durable than PVC membranes; they are resistant to UV-radiation; and their 
“self-cleansing” surfaces ensure good resistance to soiling (Url-9).  
 
Figure 3.11 : Prototype of pneumatic structure (Url-9). 
 
Figure 3.12 : Flexible PV construction in a large membrane structure (Url-9). 
PV Flexibles can, for example, be used for single-layer roofs (Figure 3.10 and 
Figure 3.11) and facades without an additional supporting structure. They can 
also be substituted for the upper layer of pneumatically supported cushions. Used 
on situations such as these, photovoltaic elements serve not only to generate 
electricity; they can also provide shade, which may often be an essential 
requirement (Figure 3.12). 
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Figure 3.13 : Anticlastic shape of integrated photovoltaic PTFE-membrane  with  
                    appling laminated structure (Url-9).     
When the photovoltaic elements are used as an intermediate layer or inside a 
cushion, they are, of course, optimally protected. In such cases, however, the 
light-refracting effect of the upper film layer and the thermal gains that occur in 
the heat-absorbing middle layer would result in a diminution of the energy yield ( 
See Figure 3.13 and Figure 3.14) For that reason, it is clearly preferable to 
integrate the photovoltaics in the outer layer of the cushion structure (Url-9).  
 
Figure 3.14 : PVcells integrated in top layer of pneumatic membrane (Url-9). 
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4. ANALYSIS OF ESSENTIAL PROPERTIES 
The use of membranes in architecture began in the 1940s, opening up new 
technological feasibility, bringing lightness and transparency as well as new forms of 
facades. Membrane are applicable in many areas. The advanced facade should be one 
that fulfills all of the requirements of a typical facade, but also looks ahead and 
functions in the context of the future market. 
4.1. Materials Properties 
 In this part some important issues that have to be considered while using the fabric 
membrane materials are discussed; 
4.1.1 Aesthetic, Surface Approach, Color and Texture: 
 Membrane mateiral is applied for the aim of aesthetic with its visual aspect, other 
than the purpose of “covering” and its technical appearance and functionality. 
Membrane material brings new creative searches, concept and geometries for design. 
Membrane material is exerted as a material which could incorporate easily to the 
situation of the architecture as being movable and which propose a out easily to 
several designs of architecture. Since site designs tends to organic structures, this 
makes membrane material alluring for using it from design stage until application 
stage (Erdem,  2008 &Tian , 2011). 
Table 4.1 : various Types of ETFE surface 
 
Types 
of ETFE       
transparent Matte print White Blue UV cut 
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Membrane materials that are available in various colors included PVC- coated 
polyester fabrics, Silicone- coated glass-fibre fabrics, ETFE foil and PVC foil. The 
only memebrane material that is printable and available in various type of colors 
related to ETFE foil (Table 4.2). 
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4.1.2 Security and  Comfort  
The high level of prefabrication of tensioned membrane façades can conduce to a 
significant depletion of the manufacturing processes fulfill on site. The reduced 
weight and volumes managed have positive impacts on the building safety. 
Membrane  materials flexibility and lightweight applied in ceilings and envelopes 
have remarkable advantages  in the case of earthquakes. ETFE foils provide similar 
safety benefits when used as a replacement for (brittle) glass in overhead situations, 
such as atria. As a flexible material, ETFE Foil cushions will not break or fall from 
the extrusion frames if damaged. The highest foldable materials relates to THV 
which is more than ETFE foil as a results its capacity to bending increased. In 
addition coated fabrics and foils have a good fire behavior. Specially PVC coated 
polyester fabrics as a  self - extinguish quickly upon elimination of the heat source. 
Table 4.3 : Sequrity and comfort 
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4.1.3 Mechanical aspect 
The mechanical properties of a material describe how it will react to physical forces. 
Mechanical properties occur as a result of the physical properties inherent to each 
material, and are determined through a series of standardized mechanical tests.The 
main characteristics of membrane structure materials are their mechanical features 
such as high-strength. The material is usually a coated fabric composed of two parts, 
the fabric and the coating. The fabric is basically made of high strength polyester or 
glass fibers, woven in two different ways. The fabric material and the method of 
weaving determine the material’s mechanical properties such as tensile strength and 
tearing resistance. 
 
Figure 4.1 : Tensile Strenght 
Tensile strength measures how much a material can be stretched and pulled before it 
breaks.  Acoording to figure 5.3.1, tensile strength of fiberglass is about 3 times 
more than polyester. So materials that reinforced by fiberglass have better mechanicl 
properties than materials coated with polyester. Fiberglass contains an epoxy resin 
that gains strength by being reinforced with glass fibers so fiberglass has high tensile 
strength due to its composite properties. Despite fiberglass having a high tensile 
strength, which is 350 N/mm2,  it has very low density because of its fibrous 
properties. PTFE film alone only has a tensile strength about 30 N/mm2. Yet when 
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combined with the fiberglass, the tensile strength increases to more than 310 N/mm2 
according to fiberglass. Due to high tensile strength of PVC (Poly Vinyl Chloride) 
coated polyester  and PTFE(Poly Tetra Fluoro Ethylene) coated fibre-glass applied 
for external use. 
The mechanical properties of the material decrease by sunlight and there is ageing. In 
terms of foils PVC and ETFE have  the higest tensile strenght among the foil 
materials. In contrast to ETFE, the least practical tensile strength of glass is about 
27MPa which is two times less than glass but its density is much more than ETFE. 
So if its required to design a place with  high tensile strenght and low density, ETFE 
is preferable materials. 
 
 
 
 
 
 
 
Figure 4.2 : Density of foil 
Figure 4.2 informed the density of polymer materials which is differ from appx. 980 
g/cm3, which relates to PE, to about 2500 g/cm3, which relate to fibreglass from 
coating materials and PTFE, THV then ETFE respectively. The higest density is 
related to glass nearly 2550 kg/m3. Generally  the greatest density relates to folourine 
plastic such as PTFE. There is not the biggest difference between ETFE, PVC and 
THV.  
 
 
 
 
 
Figure 4.3 : Hardness 
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Hardness is the mechanical resistance which a material asserts against the 
mechanical penetration of a harder test body. The definition of hardness differs from 
strength, which represents the resistance of a material to deformation. Hardness is 
also a measure of the abrasion properties of materials. Harder materials generally 
demonstrate better abrasion behaviour than others. According to the figures above 
both tensile strenght and hardness of PVC foil is better than the others. So it can be 
applied as an external material. In contrast, PTFE fiberglass has the lowest hardness 
value but it has the highest tensile strenght. So in order to protect PTFE layer against 
mechanical and chemical affects generally PTFE is covered with a PVDF film.   
4.4 Optical Properties 
One of the most significant areas of fabric design is the lighting behavior of 
membrane-covered spaces. Light transmittance and reflectance are the most 
important optical characteristics of membranes; their proper understanding could 
result in users comfort, energy reduction and dramatic appearance of membrane 
structures, which are dependent of features such as the colour of the material, its 
thickness, type of base and coating materials, general condition of cleanness and 
damage due to ageing. 
 
Figure 4.4 : Solar transmittance of polymers 
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Figure 4.5 : Visual behaviour of polymers 
ETFE foil is available in various thiknesses from 12-300um. According to figure 
(standard thicknesses) the least thichnesses is related to ETFE. Thats why ETFE Foil 
is a very transparent material. Due  to figure 5.4, a clear single layer of ETFE with 
200 um  has an approximate 93% light transmission, which its value is more than 
solar transmittance of glass which is approx. %87. So ETFE has the most energy 
absorbtion in group. 
 
 
Figure 4.6 : UV behavior of Polymers  
Although multiple layers and colorful ETFE will lead to a small reduction. The 
highest energy reduction happen in PVC polyester usage due to  the least solar 
transmittance which is about 9%. In palces that are required more reflectant of solar 
light with the least solar transmittance PVC polyester is the best choice. 
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Figure 4.7 : Thicknesse of foils [µm] 
4.5 Chemical Resisatnce 
Chemical properties to be used in the comparison of polymer are inspected under two 
headlines which are strong acids and bases and UV Resistance.  
4.5.1 Resistance against chemicals  
Most of the plastic materials are resistant against acids and bases at certain 
concentrations. Thermoplastics are not affected by aqueous solutions of poor acid, 
alkali and salts. For instance, polypropylene is used in the production of acid storage 
tanks. Fluorine including plastics such as   Polytetrafluoroethylene is extremely inert 
materials. On the other hand, most of thermoplastics are chemically affected by 
strong acids and alkalis since they display dissolution and expansion under the 
influence of organic solvents (Erdem,2008). 
4.5.2 Ultraviolet Resistance  
There are many factors leading abrasion of polymers in time and chemical 
degradation of materials. Most important ones are thermal, mechanical, 
photochemical, radiation, biological and chemical factors. An outdoor polymer is 
exposed to the effect of UV radiation, oxygen and atmospheric emissions.  In the 
same manner polymer is under the impact of heat, mechanical powers and oxygen 
during processing which may initiate abrasion (Erdem, 2008 and Julia J. Mundo 
Hernández,  2006). 
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UV radiation from sunlight is particularly effective in unprotected open-air 
applications. Plastics which are inherently resistant are to be found in the group of 
fluorinated polymers, such as PTFE and PVDF. Without suitable protective 
measures, various other plastics begin to yellow and become brittle depending upon 
the level of irradiation. UV protection is achieved using additives (UV stabilisers) or 
protective surface coatings (paints, metallization).  The addition of carbon black is 
cost-effective, frequently used and is a very effective method (Url-16). 
Plastics which are inherently resistant are to be found in the group of fluorinated 
polymers, such as and PVDF. Without suitable protective measures, various other 
plastics begin to yellow and become brittle depending upon the level of irradiation. 
So PVC foil and PE foil alone have poor mechnanical properties so they are not 
applied in external application. ETFE foil and THV foil have good chemical 
resistance, at the same time they have good mechanical resistance. That’s why ETFE 
can be used for facade-roof application. UV protection is achieved using additives 
(UV stabilisers) or protective surface coatings (paints, metallization). Table 5.5 in 
page 44 shows some chemical properties of polymer membrane.In addition, 
UVradiation in outdoor applications, can negatively impact on the electrical 
properties of plastics.  
4.6 Coloring, Printing and Coating 
The addition of pigments onto the surface making color is possible in various 
type.White is the standard color for most fabrics, because in the majority of the 
architectural reduces the the radiation transmittance in the UV range that controlled 
with certain limits through the amount of titaim dioxide added, but other colors are 
available in different manufactures, especially for PE/PVC fabrics.printing and 
patterns and writing is possible on PE/PVC ,but not available on PTFE or silicone-
coated fabrics. ETFE  it is not coated but it can be printed also in case where light 
transmission needs to be controlled to limit soalr gains or daylight levels. Many 
different patterns of ETFE are possible. Dots with varying degrees of coverage have 
become standard (Erdem,2008 &Klaus-Michael.K, Karl J, 2004).     
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4.7. Ecological And Environmental Properties Review Of Fabric Architecture 
In order to design a membrane building, it is crucial to consider the local 
environmental conditions and the desired internal environmental criteria. 
Two characteristics that affect the internal environment in a space enclosed by a 
fabric membrane are:  
• A membrane surface can gain heat very easily and  
• Can also lose it almost instantaneously when the heat source is removed.  
A single fabric skin gives very limited thermal control and the possibility of 
condensation in certain conditions; alternatively, double membrane layer or glass 
fibre insulation could be used. The disadvantage of using these methods is that 
translucency is considerably reduced and condensation may also occur between 
layers. Another possibility for hot climates, where excessive heat gain has to be 
prevented, is to choose a highly reflective outer skin to act as a shading structure and 
at the same  time allowing some diffuse daylight penetration. A second skin can also 
be effective in preventing excessive heat gain, especially if the gap between the 
layers is ventilated. 
The needed aim of sustainable design is to produce products in a way that reduces 
use of non-renewable resources, minimises environmental impact, and relates people 
with the natural environment. Fabric structures provide the minimum  usage  of 
resources. So the low weight of fabrics  decrease the rational costs (Julia J. Mundo 
Hernández 2006). 
 
Figure 4.8 : Future smart(Url-15). 
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4.2 Comparision Of Membrane Materials 
In this part various aspect of membrane materials were collected  in following table, 
this properties included mechanical, aesthetic, energy efficiency and physical aspect 
etc. 
Table 4.5: General comparative properties of materials for tensile membrane. 
 
 PVC- coated 
polyester 
fabrics 
 
THV- coated 
polyester 
fabrics: 
 
PTFE- coated 
glass-fibre 
fabrics                                                    
Silicone- coated 
glass-fibre fabrics 
 
Applications, 
special features 
Diverse 
application 
tions, very 
cheap 
standard 
material 
High-quality 
surface, very 
high light 
transmittance 
For permanent 
structures, 
high quality 
standard 
material 
For permanent 
structures, high 
lighttr 
transmittance 
Jointing method High- 
frequency 
and impulse 
welding 
High-
frequency and 
impulse 
welding 
Impulse 
welding with 
intermediate 
foil 
Vulcanizing 
(bond-ing)or 
stitching and 
gluing (combi-
nation seam) 
Long-term 
stability 
Good 
stability with 
sufficiently 
thick coating, 
good 
chemical 
resistance  
No data 
available 
Very good UV 
stability, very 
good chemical 
resistance 
Good UV stability, 
good chemical 
resistance 
Sensitivity to flex 
cracking 
Highly 
resistant to 
flex 
cracking, 
suitable for 
convertible 
systems  
Resists flex 
cracking, 
suitable for 
convertible 
systems 
Highly 
sensitive to 
flex cracking, 
unsuitable for 
convertible 
systems 
Low sensitivity to 
flex cracking 
Sensitivity to 
soiling 
Vulnerable 
to soiling, 
better with 
top coat, e.g. 
fluoride 
lacquer 
Good soiling 
behavior 
Very good 
soiling 
behavior, self-
cleaning 
Vulnerable to 
soiling 
Light 
transmittance 
5-15%  15-23% 8-20% 25-30% 
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Table 4.5 : General comparative properties of materials for tensile membrane. 
 PVC- 
coated 
polyester 
fabrics 
 
THV- coated 
polyester 
fabrics: 
 
PTFE- 
coated glass-
fibre fabrics                                                    
Silicone- coated 
glass-fibre 
fabrics
 
Environmental 
impact 
PVC 
degrades 
and forms 
chlorine/hy
drochloric 
acid, collect 
and return 
network 
exists: 
polyester 
can be 
reused as 
short fibres 
THV 
decomposes 
at high 
temperatures 
Environment
ally friend 
disposal of 
glass fibers, 
PTFE  does 
not degrade 
but 
decomposes 
at high 
temperatures 
and produces 
fluorine  
Environmentally 
friend disposal of 
glass fibers, 
silicone can be 
recycled  
Reaction to 
fire(building 
materials class to 
DIN 4012) 
B1 B1 A2(types 1 
and 2) 
B1(type3 and 
4) 
B1 
Standard colours 
 
White as 
standard, 
other 
colours 
available 
White as 
standard 
White as 
standard, 
limited 
selection of 
colours 
White and silver 
as standard, 
other colours 
Weight per unit 
area to DIN 
55352[gr/m2] 
Type 1: 750 
Type 2: 900 
Type 3: 
1100 
Type 4: 
1300 
Type 5: 
1450 
 
 
 
 
 
 
Type 1: 1150 
Type 2: 1200 
 
 
Type 1: 800 
Type 2: 900 
Type 3: 1200 
Type 4: 1500 
 
Type 0: 200 
Type 1: 340 
Type 3: 685 
Type 4: 1100 
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Table 4.5 : General comparative properties of materials for tensile membrane. 
 PVC- 
coated 
polyester 
fabrics 
 
THV- coated 
polyester 
fabrics: 
 
PTFE- 
coated glass-
fibre fabrics                                                    
Silicone- coated 
glass-fibre 
fabrics
 
Tensile 
strength(warp/wef
t) to DIN 53354 
[N/50 mm] 
Type 1: 
3000/3000 
Type 2: 
4200/4000 
Type 3: 
5800/5400 
Type 4: 
7500/6500 
Type 5: 
10000/9000 
 
Type 1: 
3500/3000 
Type 2: 
5000/4500 
 
Type 1: 
3500/3500 
Type 2: 
5000/5000 
Type 3: 
7000/6000 
Type 4: 
8000/7000 
 
Type 0: 
2500/1750 
Type 1: 
3000/3000 
Type 3: 
5000/5000 
Type 4: 
8000/8000 
 
Tear propagation 
resistance  
To DIN 53363 
Type 1: 
300/300 
Type 2: 
500/500 
Type 3: 
850/800 
Type 4: 
1200/1200 
Type 5: 
1800/1800 
 
 
 
 
 
Type 1: 
700/700 
Type 2: 
600/600 
 
Type 1: 
300/300 
Type 2: 
350/350 
Type 3: 
500/500 
Type 4: 
500/500 
 
 
 
Type 0: 350/400 
Type 1: 300/300 
Type 3: 400/400 
Type 4: 500/500 
 
 
 
 
Service life 15-20 No data 
available 
> 25 > 20 
Cost of raw 
materials  
 
15-45% 60-140% 50-150% 110-180% 
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5.  CASE STUDY 
In this part 4 famouse and newest building made of different polymerci membrane 
materials and foils will be introduced: 
5.1 Leisure center 
Neydens, france,2008 
Architects: 
L35, Barcelona/paris 
Ganz& Muller Architects Assocoes, Genova 
GM2A Architects, Paris 
Structural engineers: 
Charpente concept, Genova  
The Spanish architectural practice L35 Arquitectos designed a spacious leisure centre 
for the French village of Neydens just 9 km south-west of Geneva. The centre 
comprises a water park with indoor, outdoor and wellness facilities plus a sports 
centre, the heart of which is aprox.35000 m2. The architects integrated the complex 
respectfully into the charming landscape of this region by reducing the volume of the 
structures, designing green roofs and choosing transparent envelopes. In order that 
visitors to the indoor pool can fully enjoy the surrounding landscape, the pool area is 
enclosed in transparent ETFE cushions supported by a timber space frame. The rise 
of the arched lattice girders decreases towards the middle of the building so that the 
outline of the building seen from the side is like a wave. On top of the max. 16 m 
high arch structure there are steel posts that support the aluminium framework for the 
cushions. Some 63 three-layer ETFE cushions up to 26 m long – a total area of 4500 
m² – are mounted in this way. These cushions have to follow not only the curve of 
the arch trusses, but also the twist due to the different radii of adjacent arches. 
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Cushions also form the façade at the eastern gable. In order to guarantee a tangential 
line for the rigid perimeter connections of the cushions at the nodes, the line of the 
springing and the crest to the swimming pool building follow a curve. The long 
building housing the sports facilities also makes use of lightweight ETFE cushions so 
that a maximum amount of daylight reaches the climbing zone. In the centre of the 
green roof there is a rooflight in the shape of a trapezium on plan. Arched steel 
trusses with seven cushions span the 500 m² of this area. The structural steelwork 
rises higher in the middle, which results in a roof curving in two directions. The 
delicate construction gives the climbers underneath the impression that they are 
climbing under an open sky (Knippers, Cremers, Gabler, Lienhard, 2011). 
 
Figure 5.1 : Section and plan of Leisure center (Knippers, Cremers,  
                                    Gabler,Lienhard, 2011).    
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Figure 5.2 : Detail of Leisure center (Knippers, Cremers, Gabler, Lienhard, 2011). 
 
1-Air-fillad ETFE cushion inner ply 0.25 mm  central ply 0.10 mm outer ply 0.25 
mm 
2-EPDM keder, 6 mm  
3- First sealing layer: EPDM capping 
4- Clamping element, aluminium consisting of channel, cover and keder rail 
5- Spacer block, EPDM 
6- steel flat, 130×5 mm 
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7- Second sealing layer: gutter of PVC-coated sheet steel,welded, 2 mm  
8- Seal, rextile-reinforced PVC membrane, 1.4mm connected 
9- steelcircular hollow section, 273×6.3 mm 
10- Steel flat, 230×10 mm, for fixing clamping element  
11- Steel l-section, 180 mm 
12- Steel square hollow section, 50×50×1.5 mm 
13- Rainwater gutter, sheet aluminium, 3 mm  
14- sheet aluminium, 0.5 mm 50 mm insulation  
15- post-and- rail facade, extruded aluminium sections, 125×50×2 mm 
16- Insulating glass: 6mm toughened safety glass + 16 mm cavity + laminated safety 
glass ( 2 No. 6 mm) 
17-Floor covering: 10 mm ceramic tiles 50 mm screed 
waterproofing, 30- 160 mm reinforced concrete 
18- Primary loadbearing structure, glued laminated timber, curved, 320 mm 
5.2  Frameworks - Parkview Green Plaza, China  
 It comprises of four high rise buildings; housing a shopping centre, an office 
complex and a boutique hotel.  All four buildings are enclosed by an external roofing 
envelope comprising of Texlon® ETFE - which acts as an environmental shield - and 
glass and steel structure facades. The envelope acts as a passive modulator for 
creating optimal interior air temperature and quality in contrast to Beijing’s harsh 
climatic conditions. ETFE  foil cushions were used to span over the tops of the 
skyscrapers forming a slanted roof. Figure 6.3 shows an exterior view of this slanted 
ETFE roof. ETFE’s weight significantly reduced gravity and lateral loads on the four 
buildings. 
   
Figure 5.3: Fabric roof (Url-14).              Figure 5.4: Close up of ETFE (Url-14). 
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This reduction of load on the buildings also had benefits in the natural lighting of the 
atria between buildings. Less structural material lets more light to enter the interior. 
While still obtaining the advantages of being sheltered from the environment, the 
ETFE membrane allows the public atria space to be classified as open space for fire 
goals. 
 Venting of heat and smoke through the ETFE membrane barricade the fast extension 
of fire from building to building and assistances the building pass stringent local fire 
codes. As the roof covers over the buildings it is affiliate to the roof with easy ball 
and hole joints to shift only vertical loads to the four skyscrapers. A close up picture 
of this joint is shown in ( Figure 5.4, Figure 5.5). 
 
Figure 5.5 : Interior of Parkview Green (Url-14). 
Parkview Green illustrates ETFE’s potential for atria construction in urban settings, 
and  demonstrates many positive contributions to a city’s ecological goals. Due to the 
contributions of ETFE and many other green building features, the building system 
has achieved a LEED  Platinum Certification and has been named the best green 
building in Asia.  
5.3 Amenity Building, IRC 
The design of the Inland Revenue Centre in Nottingham (IRAB) was carried out by 
Michael Hopkins and Partners and Ove Arup & partners in 1994. The Amenity 
Building is approximately 3,000m2 in area and covered with PTFE fiberglass 
membrane over the sports hall (which is the largest part) from the two outside blocks 
enclosing the restaurant and crèche. As shown in (Figure 6.6 and Figure 6.7) the roof 
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is divided into three different segments; and each covered with a membrane roof and 
the membrane edges on all three roofs have edges cables rather than straight edges 
clamped directly to a framework.  
Although all of these games are played at a recreational level and do not require such 
high levels of light, the architects decided to take maximum advantage of the 
daylight availability. The architectural project aimed to be a green ecological design 
with maximum use of natural ventilation and light, suitable for construction in a 
short period of time(Julia J. Mundo Hernández). 
 
Figure 5.6 : Roof plan. The view of the castle had to stay unobstructed (Url-10). 
 
Figure 5.7 : Cross section of the Amenity Building (Url-10). 
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The shape of the membrane roof provides a large interior space emphasising the 
lightness of the structure. The glazing areas integrated into the membrane roof act as 
joining points between the central and lateral membranes. The form of the main roof 
is generated by 6 elliptical ladder trusses suspended by steel rods from 4 masts 28m 
high. Four elliptical glazed ladder trusses are located at the top of the membrane 
providing access to direct light into the playing area (Figures 5.6 and 5.7). 
The roof membrane is PTFE coated glass fibre fabric12 and covers a surface of 2,700 
m2. The membrane is connected to the edge cables by means of aluminium clamping 
strips and metal straps (Figures 5.8 and 5.9 and 5.10) (Julia J. Mundo Hernández). 
The membrane provides very little insulation and so the sports hall was considered as 
an unheated space. Temperatures are predicted to follow outside conditions within a 
few degrees (www.tensinet.com). 
The consulting engineers of this project were Ove Arup & Partners, the membrane 
material was supplied by Verseidag – Indutex GmbH and Skyspan Ltd. was in 
charge of the textile construction. 
 
            Figure 5.8 : Exterior view(Url-10).  Figure 5.9 : Exterior view(Url-10). 
          
 
Figure 5.10 : Interior views of IRAB (Url-10). 
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5.4  ECB National Cricket Academy 
The National Cricket Academy located in the campus of the University of 
Loughborough is also a David Morley Architects’ project finished in October 2003. 
The building includes in an area of 70m by 25m: six lanes of playing area, fitness 
centre, changing rooms, office accommodation for the National Academy staff, a 
‘performance analysis suite’ which includes an editing suite and video library, 
seminar rooms, bar and viewing balcony (Julia J. Mundo Hernández). 
The lighting objective in this construction was to achieve a minimum of 1500 lux in 
the playing area. The design has included a combination of both natural and artificial 
light. A series of light sensors were placed all across the building in order to 
automatically activate the electric lamps when the 1500 lux required in the playing 
area cannot be achieved with daylight only (Julia J. Mundo Hernández). 
The fabric sails designed for the National Cricket Academy are made of 100% 
acrylic coated polyester and were tensioned with steel battens and brackets located at 
one end of each sail. The membrane was supplied also by Kayospruce. The fabric is 
registered10 as Holiday ivory colour fire-resist HOL707, with a weight of 
418.7gm/m2 (Figure 5.11a, Figure 5.11b and Figure 5.11c) (Julia J. Mundo 
Hernández). 
A                                            B                                           C 
   
Figure 5.11: A: Main façade National Cricket Academy. Figure 5.11: B: Interior 
view of playing area. Figure 5.11: C: Fabric louvres. (Julia J. Mundo Hernández).   
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Figure 5.12 : Section across playing lanes (Url-10). 
This solution is very similar to the fabric louvres of Lord’s roof. However, the recent 
design at Loughborough seems to be more efficient because the fabric is highly 
tensioned and this characteristic makes the distance between each blind greater than 
when they are less tensioned (as in the Lord’s School) allowing a more unrestricted 
penetration of diffuse daylight into the building (Julia J. Mundo Hernández). 
5.5. Mobile Art – Chanel Contemporary Art Container  
Mobile pavilion which is designed in the computer as a 3D model is  a temporary 
building which travelled  the world to emphasis the cultural importance of Coco 
Chanel. The organic forms and homogeneous surfaces  epitomize the tranformability 
and delicacy of chanel (Figure 5.13 and 5.14 and 5.15) (Knippers, Cremers, Gabler, 
Lienhard, 2011& Kaltenbach, 2004). 
Figure 5.13 : Mobile Art- exterior view (Url-11).  
The building included 7000 individual parts- a steel frame enclosed in an envelope of 
three various synthetic materials: translucent ETFE cushions to accept daylight into 
the interior, PVC-coated polyester fabric to  coverage the roof, and 400 manually 
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laminated GFRP panels, to  dressed the external wall (Knippers, Cremers, Gabler, 
Lienhard, 2011& Kaltenbach, 2004). 
• 3-ply ETFE cushions 
• PVC-coated polyester fabrics 
• Manually laminated, painted GFRP       
panels  
 
Figure 5.14 : Isometric view of roof  
                      (Knippers,2004). 
1: ticket sales                                
2: raised terrace 
3: entrance  
4: cloakroom 
5: exhibition 
6: central courtyard 
7: exit 
Figure 5.15 : Detail of roof  
                      (Knippers, 2011).  
                    
5.6. Dolce Vita Tejo, Shopping Center  
Opened in May 2009, Dolce Vita Tejo is the leading retail development in the 
Greater Lisbon Area, and one of the largest in the whole Iberia. Located on the 
border between the districts of Amadora and Odivelas, and served by the Lisbon ring 
road, the site is estimated to have a catchment area of some 2.5M inhabitants. By 
planning constrains, the ensemble is divided in two large parcels connected by a 
landscaped boulevard. Daylight is tremendously significant for creating comfortable 
conditions in a covered shopping center. For the roof to this shopping center ETFE 
cushions proved to be a lighter than conventional glazing. Than conventional 
overhead glazing. Through an innovative combination and arrangement of up to five 
different foil variations is one single cushion, it was possible to combine good use of 
daylight with good thermal comfort. The different printing on the layers  foil 
represent an interpretation of the familiar sawtooth roof solution with  individual use 
of daylight from the north side, achieved in this case via the diagonals in the 
geometry of the air-filled  cushions.  With square cushions measuring approx. 10 m, 
very high stresses in the material are unavoidable. In order to limit the these stresses 
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the depth of each cushion was therefore restricted to  4 m . Despite the long span, the 
double-skin top ply rendered additional support in the form of a cable net 
unnecessary (Knippers, Cremers, Gabler, Lienhard, 2011& Kaltenbach, 2004).  
1: Printed double- skin ply  
2: Low E coating layer- to restrict the solar 
heat gains 
3:Transparent centaral ply 
4:ETFE foil 
               Figure  5.16 : ETFE layeres              5:Latter printing used on the lower ply  
   
                            Figure 5.17 : Roof of the shopping center-(Url-12). 
 
                              Figure 5.18 : ETFE cushions interior (Url-12). 
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6.  CONCLUSION 
Although membrane structures and materials are relatively new in the engineering 
field, a lot of innovation has already occurred. So fabric structure and materials 
represent a new chapter in the history of building. Though fabric materials, 
computational analysis techniques and construction methods have come a long way 
since the first modern fabric structure was built fifty years ago. The aim of study was 
to investigate the backgrounds of the two chosen fields, membrane and materials and 
their characteristics. Each chapter of this thesis discusses various aspects of 
membrane structures and materials. First with such a short history, evolution of 
membrane materials and membrane structures are presented that this is probably the 
oldest and simplest method human beings have devised to provide shelter.  
In the next step the development of materials and the possibilities for the future also 
are investigated in which the most common membrane materials are ETFE foil, 
PTFE coated polyester and PVC coted fiberglass.  
The analysis process is perhaps the most important chapter of this thesis. Though 
they demonstrate drawbacks such as low durability due to UV degradation and fire 
resistance and advantages. 
High-strength, high-modulus membranes are increasingly being used in the building 
and construction industry as a replacement for more traditional material, such as 
wood, concrete, masonry and steel. The mechanical properties of membrane made 
with aramid, polyester and fiberglass, combined with cross-linking resin systems to 
form a composite, provide civil engineers with a range of new materials that offer 
high strength to weight, high stiffness to weight, and extreme flexibility in design 
and use. Despite fiberglass having a high tensile strength, which is 350 N/mm2, it 
has very low density because of its fibrous properties. PTFE film alone only has a 
tensile strength about 30 N/mm2. Yet when combined with the fiberglass, the tensile 
strength increases to more than 310 N/mm2 according to fiberglass. While it has the 
lowest hardness value in order to protect it against some dameges like scraching and 
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UV radiation. So in order to increse its chemical properties, it is covered with 
polyemer such as PVDF. So due to high tensile strength, long-term stubility and 
chemical resistance PVC (Poly Vinyl Chloride) coated polyester and PTFE(Poly 
Tetra Fluoro Ethylene) coated fibre-glass applied for external use and can provide 
the safe aera for people. PTFE- coated glass-fibre fabrics well-known as a best fire 
resistance materials. Generally membrane fabric materials and construction system in 
comparsion to conventional materials such as glass (ETFE is 1% the weight of Glass) 
are so lightweight and flexible. PVC-coated polyester included the higest bending 
capacity.   
One of the most significant areas of fabric design is the lighting behavior of 
membrane-covered spaces. Their proper understanding could result in users comfort, 
energy reduction and dramatic appearance of membrane structures, which are 
dependent of features such as the colour of the material, its thickness, type of base 
and coating materials, general condition of cleanness and damage due to ageing. . 
Furthermore, increased light transmission and translucency up to 98% for ETFE foils 
and allow for higher energy savings, a consideration that is becoming ever more 
crucial to the green building industry. 
ETFE maintains transparency and strength for over 30 years. Due to applying TiO2 
on top of ETFE It is a kind of material with self-cleaning properties. A single layer of 
either PVC/polyester or PTFE/glass with a typical weight of around 1200gm/m2 has 
a UV value of approx 4.5 W/m2K.  In this respect it is very similar to glass so that a 
twin skin with a 200mm air gap will give a U Value of 2.6 W/m2K. Unlike glass or 
brittle panels fabric is highly resistant to impact damage from blunt objects. Thermal 
properties of membrane and foil materials are low. By using such nanomaterials like 
aerogel and PCM their thermal insulation performance can be improved. The 
insulation reduces HVAC energy consumption, requirements and costs. 
It is however susceptible to sharp objects. Moreover, since site designs tends to new 
geometrical searches and fractial geometries, this makes membrane material made by 
plastic base materials, charming for using it from design stage until application stage, 
due to their flexibility capacity. Membrane material brings new creative searches, 
concept and geometries for design with micro and macro structures in their inner 
structures, but also their technical features In order to better understanding of 
membrane materials and fabric structures some famous case study are introduced 
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such as Mobile Art – Chanel Contemporary Art Container, ECB National Cricket 
Academy and Amenity Building, IRC that common membrane materials are applied 
in roof construction. 
However, the field of designing for tensioned membranes will only follow to mature 
and  attain new materials. As more case studies and behavior information records are 
fulfilled, more will be known of the  treatment of these structures. As times goes by 
and design and analysis for such structure advance, tensioned membrane structures 
will only capture more fully the wonderful structural  scheme by means of their 
intrinsic qualities.   
 
 
59 
 
REFERENCES 
Acim, M. (2010). Hesaplamaya Dayali Biçim Üretim Ve Malzem Mimarlıkta    
Malzemeleşmenin Özgün Bir Sentezi, Mimarlıkta Malzeme Dergisi. 
P. 33_40.            
Arpacıoğlu, Ü., and Kuruç, A. (2010). Zamnsız Malzemelerin Zamnda Yolculuğu. 
Mimarlıkta Malzeme Dergisi, Syf 47-52. 
Bessey, P. (2012). Structural Design Of Flexible ETFE Atrium Enclosures Using A 
Cable-Spring Support System, The Faculty Of Brigham Young 
University. 
Bechthold, M. (2008). Innovative Surface Structures: Technologies and 
Applications,Harvard university, Taylor & Francis, March 20,  
0415419670.   
Beylerian, M., and Dent, A. (2007). Ultra Materials: How Materials Innovation 
Changing the World. Published In United States Of America By 
Thams& Hudson, New York. 
Cardoso, D., and Michaud, D., and Sass, L. (2011). Soft façade: steps into the 
definition of a responsive ETFE façade for high-rise building. MIT, 
USA. 
Chiu, Mark. (2012). Tensiwall- The Case For A Multi-Layered Textile Façade 
System. International conference on building envelope design and 
technology. 14-15 june 
Drew, P. (2008). New Tent Architecture: European Design Guide For Tensile 
Surface Structures, Brussels, 2004. 
Erkan, G. (2004). Enhancing The Thermal Properties Of Textiles With Phase 
Change Materials, Dokuz Eylul University, Textile Engineering Dep 
35100, Bornova, Izmir, Turkey. 
Erdem, S. (2008). Çatıda Kullanılan Polikarbonat Levhaların Analizi. Istanbul 
Technichal University, Istanbul , Turkey. 
Foges, C. (2012). A Landmark Reinvented; Building Types Study Sport Facilities. 
Architectural Record, Mccgraw-Hill Companies. 
Gezer Turgay, H. (2009). Mekan Örtüsü Tekstil Malzemesi, Maltepe Üniversitesi 
Yayınları, Turkey, 9789756760369. 
Habermann, k., and koch, k. (2004). Envelop Design Membrane Strucures: 
Innovative Building With Film And Fabric. Munich. 
Harper, E. B. (2007). The role of terrestrial habitat in the population dynamics and 
conservation of pond-breeding amphibians (Doctoral dissertation). 
Retrieved from http://edt.missouri.edu/ 
Houtman, R., and Orpana, M. (2008). Materials for membrane structures.  
60 
 
Jinlian, H. (2011). Adaptive and functional polymer Simpson, B. (Producer) (2004). 
The corporation [DVD]. Canada: Big Picture Media Corporation. 
Kaltenbach, F. (2004). Translucent materials: glass, plastic, metals. Basel, 
birkhauser, london, spring. 
Klassen, F. (2004). Materials İnnovation: Transparent, Lightweight, Malleable & 
Responsive.Faculty Of İnterior Design. Toronto Ontario CANADA 
M5B2K3. 
Knippers, J., and Cremers, J,. and Gabler, Ms,. and Lienhard J. (2011).   
Construction Manual For Polymers +Membrane, Brikhauser, basel. 
ISBN-10: 3034607261, October 13, london. 
Kienzel, N. (1999). Advanced Building Skins: Translucent Thermal Storage 
Elements. Massachusetts Institute Of Technology, USA. 
Lingyun, Zh., Thomas, H., Gerd., H. (2006). Transparent Thermal Insulation 
Multi-Layer Membrane Structure For Building Envelop, Technical 
University Of Munich.  
Mendonça, P. (2010). Low span lightweight membranes in housing- environmental 
and structural potentialities. University of minho, guimaraes, portugal. 
Mundo Hernández, J. (2006). Fabric Membranes As Daylighting Control Systems 
In Buildings, University of Nottingham.  
Pohl, G. (2010). Textiles, Polymers And Composites For Building. Oxford 
Woodhead Pub, 1845693973- 9781845693978. 
Rudorf-witrin, w. (2006). ETEF-Foil, The Flexible Glass. An Alternative To Glass  
      Roofs?! Technical University Of Eindhoven, 8-198-8-202. 
Sorguç, A. (2010). Mimarlikta Sayisal Teknolojilerin Kullanimi: Yeni Tektonikler 
Ve Hibridleşen Malzemeler. Mımarlıkta Malzeme Dergisi,P 41-46. 
Star trek planet classifications. (n.d.). In Wikipedia. Date retrieved: 07.06.2010,   
adress: http://en.wikipedia.org/wiki/Star_Trek_planet_classifications 
                    , textiles and their applications. london, isbn: 9781848164758. 
Terhi, k. (2010). Textile in Architecture, Tampere University of Technology. 
Tian, D. (2011). Membrane Materials and Membrane  Structures in Architecture,  
    University of Sheffield, sep 2011.  
TS-40561 (1985). Çelik yapıların plastik teoriye göre hesap kuralları, Türk 
Standartları Enstitüsü, Ankara.  
Url-1 <http://www.ensinger.pl >, date retrieved 1.02.2014. 
Url-2 <http:// www.blogs.uoregon.edu>, date retrieved 2.02.2014. 
Url-3 <http://www.engineershandbook.com>, date retrieved 10.10.2013. 
Url-4 <http://www. blogs.uoregon.edu>, date retrieved 10.11.2013. 
Url-5 <http:// www. architectmagazine.com>, date retrieved 11.10.2013. 
Url-6 <http:// www. wisegeek.com>, date retrieved 10.09.2013. 
Url-7 <http:// www. en.wikipedia.org>, date retrieved 10.10.2013. 
61 
 
Url-8 <http:// www. .pv-magazine.com>, date retrieved 10.10.2013.  
Url-9 <http://www.detail-online.com/architecture/topics/integration-of-             
photovoltaics-in-membrane-structures-007592.html  date retrieved 10.5.2014. 
Url-10 <http:// www.tensinet.com> date retrieved 10.10.2013. 
Url-11 <http:// www.luxuo.com>  date retrieved 10.10.2013. 
Url-12 <http://www.martifer.pt> date retrieved 10.10.2013. 
Url-13 <http://www.greenstructures.wordpress.com>date retrieved 10.10.2013.   
Url-14 <http:// www.archello.com> date retrieved 10.10.2013.  
Url-15 <http://inhabitat.com> date retrieved 11.10.2013. 
Url-16 <http://www.ensinger.pl> date retrieved 12.10.2013 
Url-17 <http://www.barcelonacatalonia.cat> date retrieved 12.10.2013 
Url-18 < http:// www.architectmagazine.com> date retrieved 12.10.2013 
Wallner, G. (2000). Polymeric Materials For Transparent İnsulation- Application Of 
Polymer And Modelling , Dissertation, Montanuniveristat Leoben, 
Austria. 
Wegener, D. T., and Kerr, N. L., and Fleming, M. A., & Petty, R. E. (2000). 
Flexible corrections of juror judgments: Implications for jury 
instructions. Psychology, Public Policy, & Law, 6, 629-654. 
Wolchik, S. A., and West, S. G., and Sandler, I. N., and Tein, J.,  and 
Coatsworth, D., Lengua, L., et al. (2000). An experimental 
evaluation of theory-based mother and mother-child programs for 
children of divorce. Journal of Consulting and Clinical Psychology, 
68, 843-856. 
Yazıcı, S. (2010). Malzeme Zekası Ile Mekan Kurgulama. Mımarlıkta Malzeme 
Dergisi, P.53-63. 
Zuckerman, M., & Kieffer, S. C. (in pres). Race differences in face-ism: Does 
facialprominence imply dominance? Journal of Personality and 
Social Psychology. 
 
 
 
 
 
 
 
 
 
 
 
62 
 
CURRICULUM VITAE  
 
Name Surname: Farrin Ghorbanalavi   
Place and Date of Birth: Urmia- Iran  16.06.1985   
Address: No. 23, Floor 8, Nur Apartment, Sona Kirac Alley, Galatasaray School, 
Mesrutiyet Quarter, Ebe kizi Street, Osmanbey, Sisli, Istanbul - Postal 
Code: 34363  
                       E-Mail: farrin.alavi@gmail.com 
B.Sc.: 2005 – 2008.9.19 Islamic University of  Tabriz, Iran. 
Professional Experience and Rewards:  
                
• working at architectural office as an internship, 2013 for 2 month 
 
List of Publications and Patents:  
• “Residential Environments and People (WS-18)”, which title is “Design of social 
spaces for all engineering campuses, case study: Ayazaga Maslak Campus of ITU 
and campus of Yildiz Technical University -”.  
PUBLICATIONS/PRESENTATIONS ON THE THESIS 
• Ghorbanalavi,.F (2014). Nanotechnologies solution for sustainable and modern 
building skin, Journal OF Emergencias,  ISSN: 1137-6821. 
• Arıoğlu, N., Ghorbanalavi,.F (2014). Investigate and promote new construction 
technologies by representing and introducing innovative façade-roof element and 
polymeric membrane materials, Istanbul Technical University, Faculty of 
architecture, Taşkışla Taksim İstanbu, Turkey, Journal OF Emergencias,  ISSN: 
1137-6821. 
  
 
63 
 
 
 
 
 
